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Purpose: A non-spherical femoral head is a known risk factor for early
osteoarthritis of the hip joint. Recently, a new pathomechanism termed
femoro-acetabular impingement has been postulated as an underlying
cause. This mechanism is postulated to represent an abutment conﬂict
between the non-spherical portion of the head/neck junction and the
acetabular rim during extreme ﬂexion and internal rotation. It is thought
to lead to repetitive trauma resulting in subsequent lesions of the labrum
and adjacent cartilage at the acetabular rim or femoral head. The aim of
this research study is to conﬁrm in an animal model, that a non-spherical
head contour leads to primary lesions at the acetabulum and at the non-
spherical portion of the femoral head similar to the ﬁndings in human hip
joints.
Methods: Sheep have been chosen as animal model since the acetab-
ular anatomy is close to that in humans including the presence of a
labrum and the femoral head has a distinct non-spherical extension of
the cartilage in its superior portion. By performing an intertrochanteric
adduction osteotomy of the proximal femur the non-spherical portion was
rotated toward the weight bearing zone and created similar impingement
conditions during the end range of ﬂexion as postulated in young adult
human beings. In a pilot study with 6 sheep localized peripheral hip joint
lesions could be produced at the acetabular rim and the non-spherical
portion of the head similar to the ﬁnding in humans. For this study a total of
16 sheep was chosen. The sheep were divided into 4 groups, each group
with 4 sheep that were sacriﬁced after 14, 22, 30, 38-weeks after surgery.
After sacriﬁce the joint cartilage was evaluated for visible alterations
macroscopically according to grading by Beck et al. Thereafter samples
were harvested of standardized segments on both, the operated and
non-operated (control) sides for histological work-up using conventional
staining methods with Toluidin-blue O to evaluate proteoglycan depletion
and grading of cartilage alterations according to Mankin.
Results: Localized labral lesions as also typically seen in humans were
present in 14 out of 16 hips on the operated side versus 2 lesions on
the unoperated side. Cartilage lesions including ﬂaps, tears or superﬁcial
fraying were seen in all 16 operated hips in the caudodorsal segment of
the acetabulum versus alterations in 3 out of 16 hips on the unoperated
side (different stages of alteration showed in Figure). Histochemical
staining conﬁrmed the macroscopic ﬁndings and showed statistically
signiﬁcant higher degenerative changes according to the Mankin staging
in the caudodorsal segment on the operated side versus the non-operated
side.
Conclusions: With the presented animal model a cam impingement-
mechanism and localized, peripheral intraarticular lesions of the hip
similar those seen in humans could be reproduced. Therefore a model
of development of early osteoarthritis in the hip with different stages of
the disease could be deﬁned. This allows to develop and to evaluate new
invasive and non-invasive treatment methods for this pathomechanism. It
will be also used to further clarify the sequential steps of the osteoarthritic
process and help to deﬁne the ideal time point for surgical interventions.
Sheep acetabulum control side and different time interval after surgery:
normal cartilage control side (a), early surface degeneration (“carpet
phenomenon”) (b), malazia of cartilage (c) and severe degeneration and
labral damage (d).
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Purpose: The maturation of chondrocytes to hypertrophy is an event
that promotes dysregulated matrix repair, calciﬁcation, and disease pro-
gression in OA. Chondrocyte hypertrophy results in a remodeling of the
extracellular matrix, partly through a shift in cartilage-speciﬁc collagens
from type II to type X collagen, enhanced expression of MMP-13 and
ADAMTS-5, and diminished aggrecan expression. Previously, we iden-
tiﬁed transglutaminase (TG) 2, identiﬁed as a modulator of chondrocyte
differentiation in OA cartilage, as a novel and TG-family speciﬁc biomarker
of spontaneous OA in the Hartley guinea pig model. To further explore the
role of chondrocyte hypertrophy in the development of OA in this animal
model, we examined expression levels of type II and type X collagens,
MMP13, and ADAMTS-5 in medial and lateral tibial cartilage in Hartley
guinea pigs at speciﬁc time points, as well as in an OA-resistant strain,
Strain 13.
Methods: Animals: Male Hartley guinea pigs were obtained at two
months of age and sacriﬁced at 2, 4, 7, 10, 12 and 18 months of
age (n = 6 in each group). Strain 13 guinea pigs were sacriﬁced at 2
and 12 months of age. One knee joint was prepared for histological
grading and cartilage was harvested separately from the medial and
lateral compartments of the other knee joint, pooling cartilage from each
time point to provide a quantity of tissue sufﬁcient for RNA isolation and
subsequent production of cDNA. All aspects of this study were humane
and Institutional Animal Care and Use Committee approved. PCR: Real-
time qPCR was used to quantify the expression levels of TG2, MMP-
13, type II collagen, type X collagen, and ADAMTS-5 from both medial
and lateral tibial plateau compartments using the LightCycler (Roche).
Statistical analyses: Student’s t-test for paired samples was used to
assess differences in quantitative mRNA expression levels. A p-value
<0.05 was considered signiﬁcant.
Figure 1.
Results: Steady-state mRNA levels of MMP-13, type X:type II collagen
ratio, and ADAMTS-5 increased in the medial compartment of the Hartley
guinea pigs at 12 months of age. Comparing Hartley and Strain 13 guinea
pigs at selected time points, we observed higher levels of TG2 mRNA in
Hartley than Strain 13 guinea pig knees, and particularly so in the medial
compartment (Figure 1A, p = 0.00231). In addition, mRNA levels of MMP-
13 and the type X:type II collagen mRNA ratio were elevated in the medial
tibial plateau in Hartley, but not Strain 13 guinea pigs at 12 months of age
(Figure 1B, C, p = 0.0012 for MMP-13 where indicated, and p=0.04 and
p=0.0054 at 2 and 12 months, respectively for the type X:type II collagen
mRNA ratio). Interestingly, although levels of ADAMTS-5 mRNA were
elevated in the medial compartment at 12 months of age, this expression
pattern was not speciﬁc to the Hartley strain guinea pigs (Figure 1D).
